Chapter 6:
Our Sun; That Big Ball of Fire in Sky

Key Points:
 The Sun, like all stars, is just big balls of gas; quite a bit like most teachers you know.
 Gravity holds it together while gas pressure from immense heat keeps trying to tear it apart.
 Its energy comes from nuclear fusion reactions at the core.
 Intense motions in the Sun’s interior cause an intense magnetic field with magnetic changes.

Chapter 6 P a g e | 1

The Sun That big ball of fire in the sky that the silly weatherpersons on network TV keep telling you is going to
kill you if you step outside. Data:
Age

4.57 Billion years (4.57x109 ( 0.01) yr)

Average Distance to Earth

1.496 x 1011 m

Brightness

-26.74

Rotational Period

25.05 d

Rotational Velocity (Equator)

7189 km/hr

Orbital Radius (MW Center)

2.7 x 1017 km (27,200 ly)

Average Orbital Speed

220 km/s

Orbital Period

2.25 x 108 yr

Average Radius

6.963 x 105 km (110 Earths)

Mass

1.989 × 1030 kg (330,000 Earths)

Average Density

1408 kg/m3

Equatorial Velocity

4.627 m/s

Surface Gravity

274 m/s2 (27.4 g)

Temperatures
Center

1.57 x 107 K (27 million oF)

Photosphere

5,778 K (9900 oF)

Corona

5 x 106 K

Composition

73.46% Hydrogen
24.85% Helium

The Sun is a star. A typical boring “average” star. It looks all nice and calm from here; a distance of 150 million
km (93 million miles). However, the Sun, like all stars, are in a violent deadly struggle just to stay in existence.
Stars are so darn huge and massive that gravity is constantly trying to squish it into oblivion. We will lean in
Chapters 10 & 11 what happens when gravity wins the battle. What is gravity fighting, you ask? Basic heat
expansion. The core of a star is in the range of millions of degrees in temperature. That much heat will obviously
cause expansion, just like a metal rod will expand in heat and contract in cold. Our Sun is in a fine balancing act
where the crushing force of gravity is exactly balanced by the huge thermal expansion of the hot gases inside it.
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So, let’s begin our little talk about our friend, the Sun.
The Sun is 1.5 x 1011 meters from us. Ancient astronomers had a pretty good idea of this distance. We will be
doing a LAB where YOU will be finding the distance to the Sun from here using nothing more than a meter stick
and a shadow.
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Structure The Sun looks quite complex when compared to the interior layers of Earth. However, they are about
the same, just not on the same power par. Take a gander at the image below. Notice, as with Earth and all the
other planets, there is a core, inner layers, an outside surface, and even an “atmosphere”.
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Sun’s Core This is where all the energy is made. Through a process known as nuclear fusion, the Sun creates vast
amounts of energy; on the order of 4 x 1026 Watts! This is done through immense gravity actually squashing
atomic particles together to make bigger particles. In essence, the core of the Sun smashes protons together to
make larger nuclei. Here is a simplified diagram for the process. This process, as mentioned before, is called
nuclear fusion. The following image explains it a little.

Note above that those little red balls are protons. A proton (P) is the positively charged particle found in the
nucleus of all atoms. A single proton actually is the element hydrogen; element #1. The Sun, as in all stars, will
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squish these single protons together. It actually takes six protons to make one helium atom. Here’s why. The 1 st
two P’s squish together. This “squishing” takes a tremendous amount of energy since each P wants to repels
every other P. When they squish together, though, one of the P’s is forced to decay into a neutron (n), a
positron (e+), and a strange thing called a neutrino. So, in essence, two P’s make one heavy hydrogen

 H
2
1

nucleus that has one P and one n. Now, along comes one more P and squishes into the 12 H making a light
helium



3
2

helium, 24



He . Later on, this 1st 23 He will squish into another 23 He and make the final product of a regular

He , after 2 extra P’s are kicked out. Got it? Good.

Here are the balanced nuclear equations that states the above in a summary: HONORS NECESSARY
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So, just where in those equations does it say anything about where the energy comes from that the Sun
produces? As they say, “the devil is in the details”. That e  ,  , and  all have energy associated with them.
However, the main source is the simple conversion of the Sun’s matter into energy! Yep, happens all the time. A
famous equation you may have heard of is

E  mc 2
Einstein’s Energy-Matter Equivalency theory. If you add up all the masses of each individual part that went into
the fusion reaction stated above then compared them to the resulting particles you end up with less mass than
you started with. Less mass? Yep! Where did it go? It was converted into pure energy. The typical 6P reaction
above has a mass defect (loss of mass) of only about 5 x 10-29 Kg, equivalent to 27 MeV (Mega electron Volt) or
about 4 x 10-12 Joules (the SI unit for energy). That’s not a large amount of energy considering an entire proton
has 931 MeV in it. If one of these reactions happened every second, the power produced would be 7 x 10-31
Watts. Virtually nothing. However, when you consider that the sun actually converts (loses) 5 BILLION Kg of
mass every SECOND! That stuff adds up! So, 5 x 109 Kg put into the E  mc conversion gives 4 x 1026 Watts!
That’s the energy released by 100 Billion Megaton H-Bombs PER SECOND!
2

Sun’s Magnetic Activity Wow. The Sun has such a huge magnetic field that is affects not only itself, but even
weather here on earth! The interior of the Sun is such a violent place that the magnetic fields it produces
actually concentrate themselves so much that they are VISIBLE! Sunspots that you may have heard of are the
visual effect of magnetic field lines breaking through the surface and showing their ugly faces.
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Close-up of two adjacent sunspots. Notice it resembles a magnetic field between two magnets?

This is why.

Notice in the above Solar Dynamics Observatory image that you can clearly see the magnetic field lines. Plasma,
the 4th state of matter, follows those lines out and in of the Sun surface. Quite often, these field lines are so
strong, they move so fast away from the surface that they snap! See image below. This is called a solar flare. It
happens when one of these magnetic fields simply burbs. Also, notice the scale of the Earth in the image…
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So, what effect does all this have on us here on Earth at a huge distance of 150 million kilometers? A lot. The Sun
is constantly kicking out charged particles (ions) at incredible speeds; speeds near the speed of light! This stream
of ions is called solar wind. When this solar wind smacks into our own magnetic field, it squishes it. See image
below.
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Notice how the magnetic field lines of the Earth, the purple lines, are not nice and smooth circles. The Sun’s
solar wind actually hits our magnetic field and pushes it in like a squishy ball. This is a good thing for two
reasons.
1. Solar wind is made up of high-speed high-energy protons and electrons. These would fry us. Our
magnetic field actually protects us and all other life on Earth from the harmful solar wind.
2. This interaction between the solar wind and our magnetic field causes the ultimately gorgeous aurora
at both the North Pole (Aurora Borealis) and the South Pole (Aurora Australis).
Aurora Wow. I’ve had the privilege of seeing a few of these “up close and personal.” If you ever get a chance, do
it. There are a few occasions when these Aurora are visible as far south as CT due to a massive solar flare; I’ll let
you know when.
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Like I said, Holy Wow. So, what causes these beautiful light shows in the sky? Simple EM. Remember from Ch3,
we chatted about what causes light; electrons jumping orbits. It’s that simple. When these solar wind particles
smack into oxygen (O2) and nitrogen (N2) atoms/molecules, these solar wind particles excite the air molecules
just like a collision between two objects usually do. These excited air molecules will then emit a photon of light
to get rid of this extra energy. This is typical of how all EM’s are produced (except gamma rays). Reminder:

That little squiggly line on the right of the diagram is an actual photon of light. Each energy level gives a different
color of light. Oxygen yields the reddish and nitrogen yields the green and magenta (pinkish) colors
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View of Aurora Australis from space!
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Aurora on Saturn!
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Aurora [Both North & South] on Uranus
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The following image shows an overview of all this stuff.
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Chapter 6 Resources
Powerpoint: http://dtfizzix.com/AstroPPTs.html
DIRECT LINKS: Full PPTX http://dtfizzix.com/PPTs/Stars%20Review-PST.ppt
PDF Format (Smaller) - http://dtfizzix.com/PPTs/Stars%20Review-PST.pdf
Homework:
Complete List: http://dtfizzix.com/AstroHWSchedule.html
Ch6 Specific:
https://docs.google.com/forms/d/1wSb6Bu8y8X4jnTwpy4lr4csrwmTKETs_tqLyrZT8m1Q/viewform
LABS:
Distance to & Size of Sun
Solar Observing via Orion Telescope
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